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Large flexion contracture angle predicts 
tight extension gap during navigational 
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Abstract 

Background:  This study aimed to determine the predictors of tight extension gap (EG) compared with the flexion 
gap (FG) during navigational posterior stabilized-type total knee arthroplasty using the pre-cut technique.

Methods:  Nineteen patients with tight EG (defined as FG-EG ≥2 mm after pre-cut; group T) and 84 patients with an 
approximately equal gap (defined as FG-EG = 0–1 mm after pre-cut; group E) were enrolled. Medial tibial slope angle, 
hip knee ankle angle, flexion contracture angle, and active maximum flexion angle were compared between the two 
groups.

Results:  The multivariate logistic regression model indicated that the probability of tight EG increased with flexion 
contracture angle (odds ratio, 1.13; 95% confidence interval 1.05–1.20; P ≤ 0.001). According to the receiver operating 
characteristic analysis, the flexion contracture angle cut-off value associated with tight EG was 15.0° (sensitivity, 85%; 
specificity, 78%).

Conclusion:  This study demonstrated that a large flexion contracture angle (cut-off 15.0°) was associated with tight 
EG after pre-cut osteotomy during posterior stabilized-type total knee arthroplasty. Awareness of this risk factor may 
help improve preoperative predictability of tight EGs and preparedness for additional procedures, such as soft tissue 
release or capsulotomy, to correct them.

Level of evidence:  Level III.
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Background
In total knee arthroplasty (TKA), implant alignment in 
both coronal and sagittal planes is crucial. Balanced flex-
ion gap (FG) and extension gap (EG) are critical factors 

for a successful TKA because gap balancing influences 
final knee kinematics, postoperative range of motion, 
poorer functional scores, and increased rates of implant 
failures [1–4]. Measured resection and gap techniques 
have been used to make the equal “bone gap” in exten-
sion and flexion. However, even after adequate gap spaces 
were achieved using these techniques, the component 
setting can affect the EG because the posterior condylar 
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of the femoral component can protrude posteriorly and 
tighten the posterior capsule. This phenomenon results 
in a “bone gap” and “component gap” mismatch [5, 6].

To prevent this mismatch, the pre-cut technique was 
advocated by Kaneyama et  al. The recently introduced 
pre-cut technique involves cutting a portion of the pos-
terior femoral condyle to create a small flexion space [7]. 
This approach facilitates the removal of the posterior 
osteophytes and the posterior soft tissue release through 
the temporary small flexion space. After resection of the 
medial and lateral menisci, posterior osteophytes, and 
release of soft tissue, which mainly influence EG, the 
additional posterior condylar cut thickness is determined 
based on the estimated gap with the pre-cut trial com-
ponent attached. Therefore, the pre-cut technique helps 
create more accurate and balanced component gaps.

During posterior stabilized (PS)-type TKA, the poste-
rior cruciate ligament is removed, which tends to widen 
the FG compared with the EG [8, 9]. Even after a pre-cut 
osteotomy is applied, the FG tends to be wider than the 
EG, especially in cases of flexion contracture deformities 
[10]. To achieve an equal FG and EG, a few selective EG 
expansion methods have been described [8, 11]. Kaney-
ama et  al. reported that posteromedial vertical capsul-
otomy (PMVC), which involves cutting the joint capsule 
behind the medial collateral ligament, can be used to 
selectively expand the EG [12]. Masuda et  al. reported 
that selective expansion of the EG by approximately 
2.7 mm is possible by PMVC in PS-type TKA [13].

Although the importance of balanced EG-FG has been 
established, factors predicting a tight EG, compared with 
FG, in PS-type TKA, remain unclear. Several studies have 
reported that persistent flexion posture may lead to pro-
gressively increasing tightness of the collateral ligaments, 
posterior soft tissue, and hamstring muscles, which 
could be associated with a tight EG [14, 15]. Therefore, 
this study aimed to determine the predictors of a tight 
EG, compared with an FG, during navigational TKA sur-
gery. It was hypothesized that a large flexion contracture 
angle (FCA) would be associated with an increased risk 
of tighter EG than FG ≥ 2 mm.

Methods
The Internal Review Board of the concerned hospi-
tal approved this study. Each patient provided written 
informed consent. We studied 103 knees in 103 consecu-
tive patients (21 male knees and 82 female knees) who 
underwent primary TKA using the Attune (DePuy-John-
son and Johnson, Warsaw, IN, USA) posterior stabilized 
(PS) component between January 2018 and December 
2020. The exclusion criteria were revision TKA, primary 
TKA for posttraumatic osteoarthritis (OA), and insuffi-
cient navigation system evaluation data. All patients were 

diagnosed with primary osteoarthritis (n = 82) or rheu-
matoid arthritis (n = 21). Lower limb alignment was eval-
uated using the long leg standing X-ray preoperatively, 
and varus knees were recognized in 91 knees and valgus 
knees in 12 knees. All patients were retrospectively clas-
sified into two groups as follows: patients who had tight 
EG (FG – EG ≥ 2 mm) after pre-cut and needed the addi-
tional procedure, PMVC (group T, n = 19), and patients 
who had approximately equal (FG – EG = 0–1 mm) after 
pre-cut (group E, n = 84). All surgeries were performed 
by two senior authors (S.M. and Y.K.). The computer nav-
igation program Vector Vision (CT-free, optoelectronic, 
passive marker navigation system, Brain-Lab, Munich, 
Germany) was used for all patients. After the precut-trial 
was set, the EG was measured at 0° and FG at 90° flexion 
using the navigation system. In addition, the differences 
between the EG and FG were evaluated. When the EG 
was smaller than the FG by ≥2 mm with the pre-cut trial 
set, PMVC was performed for expanding the EG selec-
tively [7, 13]. Subsequently, the differences between the 
EG and FG were reevaluated after PMVC.

Patients’ demographics and clinical characteristics in 
each group are shown in Table  1. A goniometric meas-
urement of the medial tibial slope (MTS) angle (MTSA) 
was performed on lateral radiographs by drawing two 
lines, as described previously [16, 17], defined by the lon-
gitudinal axis of the tibia and the MTS, respectively. The 
MTSA was defined as 90° minus the angle made by the 
intersection of the line of the longitudinal axis of the tibia 
and the MTS. FCA and active maximum flexion angle 
were evaluated using a goniometer (MMI goniometer, 
Muranaka Medical Instruments, Osaka, Japan) during 
the preoperative physical examination.

Surgical procedure
The medial parapatellar and lateral approaches were used 
for varus knees and severe uncorrectable valgus knees, 
respectively. The pre-cut trial method was performed 
as reported previously [13]. First, the femoral distal cut 
was performed, followed by proximal tibial resection, 
which created the EG. Thereafter, the posterior femo-
ral condyle was cut in two steps. A cutting guide for the 
posterior femoral condylar pre-cut was attached with 
a cutting plane, and a 4-mm pre-cut from the posterior 
femoral condylar axis was achieved (Fig. 1A, B). Further, 
it was attached in parallel with the surgical epicondylar 
axis (with a mean of 2.9° external rotation) from the pos-
terior condyle axis under the indication of the naviga-
tion system. Afterward, a pre-cut trial with a thickness of 
the portion of the posterior condyle 4 mm thinner than 
the ordinary implant was prepared (Fig.  1C). Subse-
quently, medial and lateral meniscus and posterior femo-
ral condyle osteophytes were removed to expand the EG 
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(Fig.  1D). With the pre-cut trial inserted, the temporal 
FG and EG were measured using the navigation system 
at 90° knee flexion and knee extension using the spacer 
block (Fig. 1E, F). The measurement of the gap was per-
formed by manual traction using a spacer block. In this 

procedure, the spacer block was put in and out using 
two fingers smoothly with adequate tension and with-
out lifting off [18]. The FG and EG values were expressed 
as the value of the spacer block attached with the tibial 
base plate (9 mm). The measurement of the gap was 

Table 1  Preoperative patients’ demographics and clinical characteristics

Data are displayed as means ± standard deviation. Statistical differences were analyzed using the Mann–Whitney U test, except for Fisher’s exact tests (a). MTSA 
medial tibial slope angle, HKAA hip knee ankle angle, FCA flexion contracture angle, n.s not significant; (*) statistically significant (P <  0.05).

Group T
(n = 19 patients)

Group E
(n = 84 patients)

P value

Sex, male/female 4/15 17/67 n.s.a

Age, years 69.2 ± 7.9 71.6 ± 8.4 n.s.

Body mass index, kg/m2 26.7 ± 4.7 26.6 ± 4.2 n.s.

Diagnosis, osteoarthritis/rheumatoid arthritis 15/4 67/17 n.s.a

MTSA, ° 9.0 ± 2.6 8.3 ± 3.2 n.s.

HKAA, ° 10.4 ± 7.5 10.1 ± 5.0 n.s.

FCA, ° 18.2 ± 9.2 7.6 ± 7.6 <  0.001*
Active maximum flexion angle, ° 108.4 ± 25.5 120.5 ± 19.2 n.s.

Fig. 1  Intraoperative view of the pre-cut technique. A Appearance of the pre-cut trial component (left) and the cutting guide (right). Three sizes 
were available according to the patient’s bone size. B. A cutting guide for posterior femoral condylar pre-cut osteotomy. It enables surgeons to 
make a 4-mm pre-cut from the posterior femoral condylar axis. C. Pre-cut trial with a thickness of the portion of the posterior condyle 4 mm thinner 
than the ordinary implant. D. Removal of the posterior femoral condyle osteophytes. E, F With the pre-cut trial component inserted, the temporal 
FG (E) and EG (F) were measured using the navigation system at 90° knee flexion and knee extension. The spacer block was put in and out using 
two fingers smoothly with adequate tension and without lifting off. EG extension gap, FG flexion gap
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performed by manual traction with appropriate tension 
and without lifting off. Basically, the gap evaluation was 
assessed by the medial gap, and lateral laxity was allowed 
within approximately 5° on average based on the previ-
ous reports demonstrating the physiological lateral laxity 
in normal knees [19, 20]. The appropriate size of the cut-
ting guide and pre-cut trial were selected by the femoral 
sizer. The additional resection of the posterior femur was 
performed to set a femoral component to the distal bone. 
Additional resection of the posterior femur was 4 mm if 
the equal EG and FG were obtained and was 3 mm (1 mm 
undercut than usual) if the EG was smaller than FG by 
1 mm. In addition, when the EG was smaller than the 
FG by ≥2 mm, PMVC was performed to expand the EG 
selectively, as reported previously [13]. For PMVC, first, 
a hole of approximately 1 cm was made in the posterome-
dial capsule at the distal lateral part of the medial collat-
eral ligament using an electric scalpel. Second, the hole 
was expanded vertically from the medial femoral condyle 
to the medial tibial plateau using surgical scissors. Finally, 
the vertical hole was expanded using a spacer block. 
After the PMVC, the FG and EG were measured again.

Statistical analysis
Statistical analysis was performed using EZR (Saitama 
Medical Center Jichi Medical University, Saitama, Japan) 
[21]. The Mann–Whitney U test was used to compare 
the values between the two groups. The statistical sig-
nificance level was set at P <   0.05. A multivariate logis-
tic regression analysis was performed for the values as 
risk factors for tight EG, which require PMVC. Sepa-
rate univariate linear regression models were used to 
determine the association between the FCA and gap 
difference between flexion and extension. The FCA 

cut-off associated with increased possibility to be tight 
EG was determined using receiver operating character-
istic (ROC) analysis and calculating the Youden index 
(J). The inter-observer and intra-observer reliabilities 
were assessed with the intra-class correlation coefficient 
(ICC). An ICC > 0.83 was considered a reliable measure-
ment. To determine the interobserver reproducibility, 
the values of the EG and FG were investigated by two 
surgeons, and each surgeon evaluated each gap twice 
to calculate the intra-observer repeatability. The inter-
observer reproducibility and intra-observer repeatabil-
ity of the measurements of EG and FG were satisfactory 
when the respective mean ICC values were 0.88, 0.89, 
0.92, and 0.94, respectively. Post hoc power analysis was 
performed using G*Power 3 (version 3.1.9.4; Heinrich 
Heine Universität Düsseldorf, DE). For a sample size of 
19 in group T and 84 in group E and type-I error (α) of 
0.05, the study was expected to provide a power (1 − β) of 
0.80 for detecting an effect size of 0.45.

Results
The gap difference between flexion and extension after 
precut were significantly different between the two 
groups (average, group T = 3.7 mm; group E = 0.2 mm; 
P <  0.001). The value of the EG in group T significantly 
increased after the PMVC (from 3.9 mm to 7.6 mm); 
however, the FG was not increased significantly (from 
7.6 mm to 8.1 mm) (Fig.  2). The gap difference between 
flexion and extension significantly decreased after PMVC 
by 3.3 mm from 3.7 mm to 0.4 mm in group T. There was 
no significant difference in the additional cut between 
the two groups (3.6 mm in group T and 3.8 mm in group 
E). Further, 4 mm additional cut was performed in 12 
knees in group T and 18 knees in group E. Meanwhile, 

Fig. 2  Gap values of the EG and FG pre- and post-PMVC in group T. The value of the EG in group T increased significantly after the PMVC (from 
3.9 mm to 7.6 mm). However, the increase in FG was not significant (from 7.6 mm to 8.1 mm). PMVC posteromedial vertical capsulotomy, EG 
extension gap, FG flexion gap
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3 mm additional cut (1 mm smaller than usual) was per-
formed in seven knees in group T and 66 knees in group 
E (Table  2). The average final poly insert measured 
8.4 ± 2.1 mm in group T and 8.0 ± 2.4 mm in group E. The 
final tibial slope was 3.4 ± 0.7° in group T and 3.2 ± 0.9° 
in group E. While the preoperative Insall–Salvati ratio 
was 0.89 ± 0.09 in group T and 0.90 ± 0.11 in group E, 
the postoperative Insall–Salvati ratio was 0.91 ± 0.07 in 
group T and 0.91 ± 0.08 in group E. No significant differ-
ences in insert thickness, tibial slope, and patellar height 
have been observed between the two groups.

The FCA (average, group T = 18.2°; group E = 7.6°; 
P <   0.001) was significantly different between the two 
groups (Table  1). There was no significant difference 
between the two groups regarding sex, age, body mass 
index, MTSA, hip knee ankle angle (HKAA), and active 
maximum flexion angle. The multivariate logistic regres-
sion model indicated that the odds of tight EG increased 
with FCA (odds ratio, 1.13; 95% confidence interval, 
1.05–1.20; P ≤ 0.001). MTSA, HKAA, and active maxi-
mum flexion angle were not associated with an increased 
risk of tight EG (Table 3).

The FCA and the gap difference between flexion and 
extension were significantly associated, confirming 
that increased FCAs were correlated with a larger gap 
difference between flexion and extension (R = 0.64; 
P = 0.003) (Fig. 3). According to the ROC analysis, the 

FCA cut-off value associated with tight EG was 15.0°, 
with a sensitivity of 85% and specificity of 78%, and the 
calculated area under the curve was 0.85 (Fig. 4).

Table 2  The gap difference between flexion and extension before and after PMVC

Data are displayed as means ± standard deviation. Statistical differences were analyzed using the Mann–Whitney U test, except for Fisher’s exact tests (a). EG 
extension gap, FG flexion gap, PMVC posteromedial vertical capsulotomy, n.s not significant; (*) statistically significant (P < 0.05).

Group T
(n = 19 patients)

Group E
(n = 84 patients)

P value

EG 3.9 ± 2.1 7.4 ± 1.7 <  0.001*
FG 7.6 ± 1.5 7.6 ± 1.9 n.s.

FG – EG 3.7 ± 1.7 0.2 ± 0.4 <  0.001*
EG following PMVC 7.6 ± 1.6

FG following PMVC 8.1 ± 1.5

FG – EG following PMVC 0.4 ± 0.6

Additional cut (4 mm/3 mm) 12 / 7 18 / 66 n.s.a

Table 3  Multivariate logistic regression analysis

The statistical analysis was performed using the forward stepwise method. EG extension gap, MTSA medial tibial slope angle, HKAA hip knee ankle angle, FCA flexion 
contracture angle, CI confidence interval; (*) statistically significant (P < 0.05).

Dependent variables Significant variables Odds ratio P value 95% CI

Participants with or without tight EG, n = 103 patients MTSA, ° 1.060 0.560 0.88–1.27

HKAA, ° 0.976 0.617 0.89–1.07

FCA, ° 1.130 < 0.001* 1.05–1.20
Active maximum flexion angle, ° 0.992 0.571 0.96–1.02

Fig. 3  The correlation between the FCA and the gap difference 
between flexion and extension. The FCA and the gap difference 
between flexion and extension were significantly associated (R = 0.64; 
P = 0.003). FCA flexion contracture angle
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Discussion
The most significant finding of this study was that large 
FCA (cut-off = 15.0°) was associated with a tight EG, as 
defined by an EG narrower than FG by ≥2 mm, after pre-
cut osteotomy during PS-type TKA. These findings will 
help improve preoperative predictability of a tight EG, 
increasing preparedness for additional procedures, such 
as posterior soft tissue release or PMVC, to selectively 
expand the EG.

In this study, well-balanced EG and FG were achieved 
in a combined pre-cut technique and PMVC procedure. 
Preparing equal and rectangular extension and flexion 
joint gaps is the most critical goal in TKA because it facil-
itates functional restoration of the knee [22]. The pre-cut 
technique helps surgeons determine the additional need 
for bone resection based on the component gaps created 
in the pre-cut trial. The flexion gap space, created by the 
pre-cut of the posterior femoral condyle, facilitates pos-
terior soft tissue release or osteophyte resection. The 
pre-cut technique can help perform additional posterior 
femoral condyle osteotomy while referring to the compo-
nent gaps. In this study, a 1-mm undercut was allowed if 
the EG was smaller than FG by 1 mm. In addition, when 
the EG was smaller than the FG by ≥2 mm, PMVC was 
performed to selectively expand the EG without arrang-
ing for an additional bone resection [13]. However, the 
procedure involves the risk of anterior notch formation 
if a 2-mm undercut is performed as this system adopts 
the posterior reference, and the cutting line can shift 

by 2 mm posteriorly than planned. In this study, PMVC 
could selectively expand the EG by approximately 3 mm, 
and the final component gap difference between FG and 
EG was < 1 mm (Fig. 2 and Table 3). Based on these find-
ings, we confirmed that the pre-cut technique along with 
PMVC can help achieve a well-balanced FG and EG.

We showed that a preoperative FCA of > 15° was associ-
ated with a tight EG. A persistent flexion posture caused 
by long-term inflammation eventually increased the 
tightness of collateral ligaments, posterior soft tissue, and 
hamstring muscles [15, 23, 24]. A possible reason behind 
this is a chronic tendency to assume the knee-mid-flexed 
position as a comfortable position and avoid painful 
extension. A previous study demonstrated that hamstring 
tightness was related to EG, and tight hamstring muscles 
may lead to a tight EG [14]. Patients with persistent flex-
ion contractures have a normal FG but a narrow EG, and 
release of the posterior capsule and resection of posterior 
femoral condyle osteophytes increase the EG [25, 26]. 
The pre-cut technique facilitates removal of the medial 
and lateral menisci and posterior osteophytes; additional 
soft tissue management can be performed with limited 
resection of the posterior femoral condyles. In this study, 
larger preoperative FCA was associated with a tight EG 
even after resecting the posterior femoral condyle oste-
ophytes using the pre-cut technique. In these cases, the 
tight EG was expanded selectively with PMVC by sepa-
rating the tightened medial collateral ligament from the 
posterior capsule, achieving a well-balanced FG and EG. 
Besides, to selectively increase the EG, advanced plan-
ning for an additional distal femur osteotomy could be 
considered. However, additional distal femur osteotomy 
causes joint line elevation, which in turn causes altered 
patellofemoral kinematics, inferior clinical outcomes, 
limited knee range of motion, and midflexion joint laxity 
[27–30]. Thus, additional distal femur osteotomy should 
be minimal to avoid postoperative complications. In con-
clusion, preparations should be made for additional pro-
cedures, such as PMVC, if the preoperative FCA is > 15°.

Our study had a few limitations. First, this study was 
retrospective. Second, gap measurements were manu-
ally performed by a surgeon; these could not be used 
to evaluate tibiofemoral tightness. Potentially, a tensor 
device could have more accurately measured the gap to 
determine tibiofemoral joint tightness. Third, this study 
targeted only PS-type TKA, and the results may not be 
generalizable to other types of TKAs. Fourth, the femo-
ral rotation angle during the pre-cut posterior femoral 
condyle osteotomy, which could affect the gaps, was not 
considered. Fifth, the postoperative clinical and radio-
graphic outcomes, including knee range of motion, 
clinical scores, and lower limb alignment, were not 
evaluated because of the insufficient follow-up period 

Fig. 4  Threshold FCA for a tight EG. The calculated cut-off value 
(15.0°) had a sensitivity of 85% and a specificity of 78%. AUC area 
under the curve, FCA flexion contracture angle, EG extension gap
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in some patients, which is a significant study limita-
tion. Therefore, further study with longer follow-up is 
warranted. Finally, patients with both varus and valgus 
knees were included in this study; however, there was 
no significant difference in patient demographics or gap 
sizes between the two groups in the sub-analysis.

The clinical relevance of this study is that an FCA 
over 15° could cause a tighter EG than FG (≥2 mm), 
which cannot be resolved by additional distal femoral 
osteotomy; however, surgeons should understand how 
to resolve this condition.

Conclusion
This study demonstrated that larger FCA (> 15.0°) was 
associated with a tight EG following pre-cut osteotomy 
during PS-type TKA. Understanding these risk factors 
can help surgeons predict a tight EG preoperatively and 
prepare for additional procedures, such as PMVC, to 
expand the EG.

Abbreviations
AUC​: The area under the curve; CI: Confidence interval; EG: Extension gap; 
FCA: Flexion contracture angle; FG: Flexion gap; ICC: Intra-class correlation 
coefficient; MTS: Medial tibial slope; MTSA: Medial tibial slope angle; OR: Odds 
ratio; PMVC: Posteromedial vertical capsulotomy; PS: Posterior stabilized; ROC: 
Receiver operating characteristic; TKA: Total knee arthroplasty.

Acknowledgements
We would like to thank Editage (http://​www.​edita​ge.​jp) for English language 
editing.

Authors’ contributions
TH and SM designed the study. YO and KK contributed to the analysis and 
interpretation of data. All authors contributed to data collection and interpre-
tation and critically reviewed the manuscript. All authors read and approved 
the final manuscript.

Funding
No funding was received in support of this study.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethical approval and consent to participate
This study was approved by the Institutional Review Board of Okayama 
University (Ethical approval No. 1811–031). Written informed consent was 
obtained from all the study participants and all methods were carried out in 
accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 29 August 2021   Accepted: 29 December 2021

References
	1.	 Watanabe T, Muneta T, Sekiya I, Banks SA. Intraoperative joint gaps and 

mediolateral balance affect postoperative knee kinematics in posterior-
stabilized total knee arthroplasty. Knee. 2015;22:527–34.

	2.	 Romero J, Stahelin T, Binkert C, Pfirrmann C, Hodler J, Kessler O. The clini-
cal consequences of flexion gap asymmetry in total knee arthroplasty. J 
Arthroplast. 2007;22:235–40.

	3.	 Daines BK, Dennis DA. Gap balancing vs. measured resection technique 
in total knee arthroplasty. Clin Orthop Surg. 2014;6:1–8.

	4.	 Mullaji A. Can isolated removal of osteophytes achieve correction of varus 
deformity and gap-balance in computer-assisted total knee arthroplasty? 
Bone Joint J. 2020;102-B(6_Supple_A):49–58.

	5.	 Muratsu H, Matsumoto T, Kubo S, Maruo A, Miya H, Kurosaka M, 
et al. Femoral component placement changes soft tissue balance in 
posterior-stabilized total knee arthroplasty. Clin Biomech (Bristol, Avon). 
2010;25:926–30.

	6.	 Hananouchi T, Yamamoto K, Ando W, Fudo K, Ohzono K. The intraopera-
tive gap difference (flexion gap minus extension gap) is altered by inser-
tion of the trial femoral component. Knee. 2012;19:601–5.

	7.	 Kaneyama R, Higashi H, Oinuma K, Miura Y, Tamaki T, Shiratsuchi H. 
Improvement of the gap adjustment in total knee arthroplasty using the 
posterior condylar pre-cut technique. J Knee Surg. 2019;32:1001–7.

	8.	 Yagishita K, Muneta T, Ikeda H. Step-by-step measurements of soft tissue 
balancing during total knee arthroplasty for patients with varus knees. J 
Arthroplast. 2003;18:313–20.

	9.	 Kadoya Y, Kobayashi A, Komatsu T, Nakagawa S, Yamano Y. Effects of 
posterior cruciate ligament resection on the tibiofemoral joint gap. Clin 
Orthop Relat Res. 2001;391:210–7.

	10.	 Kaneyama R, Otsuka M, Shiratsuchi H, Oinuma K, Miura Y, Tamaki T. 
Criteria for preserving posterior cruciate ligament depending on intra-
operative gap measurement in total knee replacement. Bone Joint Res. 
2014;3:95–100.

	11.	 Meftah M, Blum YC, Raja D, Ranawat AS, Ranawat CS. Correcting fixed 
varus deformity with flexion contracture during total knee arthroplasty: 
the "inside-out" technique: AAOS exhibit selection. J Bone Joint Surg Am. 
2012;94:e66.

	12.	 Kaneyama R, Shiratsuchi H, Oinuma K, Higashi H, Miura Y, Tamaki T. 
Posteromedial vertical capsulotomy increases the medial extension gap 
in total knee arthroplasty. Orthop Proc. 2018;98(B):e90.

	13.	 Masuda S, Miyazawa S, Yuya K, Kamatski Y, Tomohito H, Yoshiki O, et al. 
Posteromedial vertical capsulotomy selectively increases the extension 
gap in posterior stabilized total knee arthroplasty. Knee Surg Sports 
Traumatol Arthrosc. 2020;28:1419–24.

	14.	 Cho BW, Kwon HM, Lee KY, Park KK, Yang IH, Lee WS. The effect of ham-
string tightness on intraoperative extension gap in posterior stabilized 
total knee arthroplasty. Sci Rep. 2021;11:3655.

	15.	 Bellemans J, Vandenneucker H, Victor J, Vanlauwe J. Flexion contracture in 
total knee arthroplasty. Clin Orthop Relat Res. 2006;452:78–82.

	16.	 Hiranaka T, Furumatsu T, Okazaki Y, Yamawaki T, Okazaki Y, Kodama Y, et al. 
Steep medial tibial slope and prolonged delay to surgery are associated 
with bilateral medial meniscus posterior root tear. Knee Surg Sports 
Traumatol Arthrosc. 2021;29:1052–7.

	17.	 Brandon ML, Haynes PT, Bonamo JR, Flynn MI, Barrett GR, Sherman MF. 
The association between posterior-inferior tibial slope and anterior cruci-
ate ligament insufficiency. Arthroscopy. 2006;22:894–9.

	18.	 Goodfellow J, O’Connor J, Pandit H, Dodd C, Murray D. Clinical results. 
Unicompartmental arthroplasty with the Oxford Knee. 2nd ed; 2015. 
https://​doi.​org/​10.​23912/​978-1-​910158-​45-6-​1517.

	19.	 Okazaki K, Miura H, Matsuda S, Takeuchi N, Mawatari T, Hashizume M, 
et al. Asymmetry of mediolateral laxity of the normal knee. J Orthop Sci. 
2006;11:264–6.

	20.	 Tokuhara Y, Kadoya Y, Nakagawa S, Kobayashi A, Takaoka K. The flexion 
gap in normal knees. An MRI study. J Bone Joint Surg Br. 2004;86:1133–6.

	21.	 Kanda Y. Investigation of the freely available easy-to-use software ’EZR’ for 
medical statistics. Bone Marrow Transplant. 2013;48:452–8.

	22.	 Bottros J, Gad B, Krebs V, Barsoum WK. Gap balancing in total knee arthro-
plasty. J Arthroplast. 2006;21(4 Suppl 1):11–5.

	23.	 Berend KR, Lombardi AV Jr, Adams JB. Total knee arthroplasty in patients 
with greater than 20 degrees flexion contracture. Clin Orthop Relat Res. 
2006;452:83–7.

http://www.editage.jp
https://doi.org/10.23912/978-1-910158-45-6-1517


Page 8 of 8Hiranaka et al. BMC Musculoskeletal Disorders           (2022) 23:78 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	24.	 Berend ME, Small SR, Ritter MA, Buckley CA. The effects of bone resection 
depth and malalignment on strain in the proximal tibia after total knee 
arthroplasty. J Arthroplast. 2010;25:314–8.

	25.	 Sugama R, Kadoya Y, Kobayashi A, Takaoka K. Preparation of the flexion 
gap affects the extension gap in total knee arthroplasty. J Arthroplast. 
2005;20:602–7.

	26.	 Minoda Y, Sakawa A, Aihara M, Tada K, Kadoya Y, Kobayashi A. Flexion gap 
preparation opens the extension gap in posterior cruciate ligament-
retaining TKA. Knee Surg Sports Traumatol Arthrosc. 2007;15:1321–5.

	27.	 Laskin RS. Management of the patella during revision total knee replace-
ment arthroplasty. Orthop Clin North Am. 1998;29:355–60.

	28.	 Porteous AJ, Hassaballa MA, Newman JH. Does the joint line matter in 
revision total knee replacement? J Bone Joint Surg Br. 2008;90:879–84.

	29.	 van Lieshout WAM, Valkering KP, Koenraadt KLM, van Etten-Jamaludin FS, 
Kerkhoffs G, van Geenen RCI. The negative effect of joint line elevation 
after total knee arthroplasty on outcome. Knee Surg Sports Traumatol 
Arthrosc. 2019;27:1477–86.

	30.	 Luyckx T, Vandenneucker H, Ing LS, Vereecke E, Ing AV, Victor J. Raising the 
joint line in TKA is associated with mid-flexion laxity: a study in cadaver 
knees. Clin Orthop Relat Res. 2018;476:601–11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Large flexion contracture angle predicts tight extension gap during navigational posterior stabilized-type total knee arthroplasty with the pre-cut technique: a retrospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Level of evidence: 

	Background
	Methods
	Surgical procedure
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


